Fava bean flour is regarded as a potential plant-based protein source, but the addition of it at high 22 concentration is restricted by its poor texture-improving ability and by anti-nutritional factors (ANF).
Introduction
used as standards and 2-deoxy-D-galactose (Sigma-Aldrich) was used as the internal standard for 135 quantification.
136
In order to confirm the function of microbial enzymes and endogenous α-galactosidase in fava bean 137 flour on RFO degradation, both native and autoclaved fava bean flour were used for control dough 138 preparation and were inoculated with the same starter, as shown in Table 1 . After 24 h fermentation, 139 doughs made with both native and autoclaved flour were treated by the same method according to 140 Section 2.4. Then, the sugar profiles of these doughs were analyzed using the same method as stated 141 above. The amount of low-branched dextran was analyzed by an enzyme-assisted method using a mixture Centrifuge tubes containing fermented samples were first weighed and then centrifuged at 8,000 × g 181 for 10 min. The liquid that appeared after centrifugation was removed with a needle connected to a 182 syringe. Then, samples were weighed again. WHC was expressed in percentage as the ratio between 183 the weight after liquid removal and the initial weight. Measurements were carried out in triplicate. 
Mannitol

Hysteresis loop
185
The hysteresis loop curve was generated by measuring shear stresses as a function of shear rates from 186 2 to 100 1/s (up and down sweeps) by a HAAKE RheoStress rheometer (RS 50, HAAKE Rheometer, 187 Karlsruhe, Germany). Samples were left for 5 min to equilibrate before measurement. The hysteresis 188 loop area between the upward and downward flow curves was calculated using the RheoWin Pro 
Statistical analysis
195
The numerical results of microbial, chemical and rheological analysis in this study are averages of 196 three independent replicates. Data were analyzed by one-way analysis of variance (ANOVA) using
197
Origin 8.6 (OriginLab Inc., USA). The means comparisons were determined by Tukey's test (P < 198 0.05). 
LAB growth and acidification
201
After 24 h fermentation, the LAB cell density ranged from 8.6 to 9.8 log cfu/g, increasing between 202 2.8 to 4.0 log cycles (Table 2 ). In detail, the highest cell density increase (Δ log) was observed in 203 5577_S, and the lowest was in 20240_S. Overall, the addition of sucrose did not significantly affect 204 the final cell density and the cell density increase as already reported in a similar study (Kajala et al., 205 2015).
206
Before fermentation, the pH of the fava bean doughs was ca. 6.6; it dropped 1.6 to 2.3 units after 207 fermentation, reaching values in the range from 4.3 to 5.0 (Table 2) mannitol, leading to low acetic acid production (Galle et al., 2010; Kajala et al., 2015) . 
Sugar analysis
232
Before fermentation, sugars in control and sucrose-enriched doughs were analyzed, and the existence 233 of endogenous sucrose was revealed (Table 3 ). After fermentation, sucrose was utilized by LAB to 234 different extents. In all control doughs without added sucrose, endogenous sucrose was no longer 235 detected, while in two sucrose-enriched doughs, 15878_S and Sj 1b_S, almost half of the total sucrose 236 remained. In other sucrose-enriched doughs, sucrose was depleted or only a small amount (0.30%) 237 was detected after fermentation. Theoretically, sucrose was first utilized for microbial growth during 238 the exponential phase, then for EPS production as slime EPS were produced during the stationary 239 phase (Plante and Shriver, 1998). Through the activity of glucansucrase on sucrose, glucan was 240 formed, liberating fructose. This was further confirmed by the residual fructose in all sucrose-241 enriched doughs, ranging from 1.76% to 5.37% (Table 3) .
242
RFO (raffinose, stachyose and verbascose) were detected in control doughs before fermentation as 243 these oligosaccharides are widely distributed in the leguminous family (Aguilera et al., 2009 ). After 244 fermentation, the content of RFO decreased in each case, as expected (Table 3 ). In detail, raffinose 245 was no longer detected while stachyose and verbascose were still detected in control doughs with 246 since Weissella spp. preferentially produced only low-branched dextran while Leuconostoc spp. tend 286 to produce more than one type of dextran (Cote and Skory, 2015; Maina et al., 2008) .
287
After 24 h fermentation, mannitol was detected in all doughs except doughs fermented by W. confusa reduce it to mannitol, leading to decreased or no mannitol production (Erten, 1998; Galle et al., 2010) .
296
However, under the conditions of our study, W. cibaria Sj 1b produced a higher amount of mannitol 297 than did Ln. pseudomesenteroides DSM 20193 which was previously reported as a good mannitol 298 producer when grown in the presence of fructose or sucrose (Vandamme et al., 1987) , indicating that 299 mannitol production was both strain-and substrate-dependent (Galle et al., 2010) . 
Sucrose utilization
301
It was previously shown that during EPS synthesis, sucrose was first utilized for microbial growth 302 during the exponential phase, and then for dextran production during the stationary phase, liberating fructose (Han et al., 2014; Plante and Shriver, 1998) . The liberated fructose was further reduced to 304 mannitol in Leuconostoc spp. by mannitol dehydrogenase, while in Weissella spp., the liberated 305 fructose was fermented but not reduced to mannitol (Galle et al., 2010) . Theoretically, the total 306 content of residual fructose and mannitol should be roughly equal to the content of glucan formed.
307
However, due to the usage of sucrose-liberated glucose for the growth of LAB and other 308 microorganisms (potentially present in fava bean flour), the production of acids and other volatile 309 compounds and the formation of oligosaccharides by glucansucrase through acceptor reaction, the 310 content of glucan was generally lower than the total content of residual fructose and mannitol (Tables   311   3 and 4) . Actually, in a complex system such as any food matrix, the sugar balance is difficult to 312 achieve, as also reported by other researchers who used carrot puree as the medium to produce EPS 313 (Juvonen et al., 2015) . Furthermore, significant differences were found in residual fructose and Fig. S1 and S2 ), all 325 doughs showed a typical shear-thinning behavior after fermentation. The initial viscosity values of 326 sucrose-enriched doughs were lower than control doughs due to their lower flour content (Table 5) .
327
After fermentation, the viscosity of all doughs increased to different extents, indicating the thickening ability of EPS. In detail, the viscosity in control doughs ranged from 1.73 to 2.78 Pa·s before 329 fermentation and from 2.59 to 5.87 Pa·s after fermentation, increasing by up to 3.28 Pa·s. The highest 330 viscosity increase was found in Sj 1b_CT, corresponding to its highest dextran content among control 331 doughs (Table 4 ). In sucrose-enriched doughs, the viscosity ranged from 0.20 to 0.35 Pa·s before 332 fermentation and from 0.82 to 14.77 after fermentation, increasing by up to 14.57 Pa·s. The highest 333 viscosity increase was found in 20193_S, corresponding to its highest dextran content as well (Table   334 4). Interestingly, doughs fermented by W. confusa Sj5-4 (Sj5-4_CT and Sj5-4_S) showed the lowest 335 viscosity after fermentation although their dextran contents were not the lowest. This low viscosity 336 improving effect might be due to the structure and molecular weight of dextran produced by W.
337
confusa Sj5-4, which might influence its rheological behavior; however, more evidences are needed 338 to prove this hypothesis.
339
The WHC of food has been defined as the ability to hold its own and added water during the 340 application of forces, pressing, centrifugation or heating (Zayas, 1997) . This is a limiting factor in showed the lowest value, as it was an EPS-negative control (Table 6 ). In other sucrose-enriched 345 doughs, WHC values ranged from 83.72% to 89.26%, without much difference. 
Hysteresis loop
347
A hysteresis loop was frequently observed in viscoelastic materials during the shear rate sweep, and 348 was assumed to be the difference between the energy required for structural breakdown and 349 rebuilding (Gambuś et al., 2004) . Materials with larger hysteresis loop areas tend to have better 350 structural reversibility (Purwandari et al., 2007) . In our study, the hysteresis loops of sucrose-enriched 351 doughs fermented by different LAB strains varied considerably (Fig. 2) . As expected, 20193_S 352 showed the largest loop due to its highest dextran content, while the EPS negative control B24W_S verbascose. e nd = not detected. 
